
- .,. i
I

t'
+ + + ... + + + + + + 2

S• .2 .1.' .2.1 52.6 62.• 66.1 7'.5 74.' IS.I '1.6 pwlem

+ + + + + + + + + +
.5.2 • 7.. .'.6 61.S 75.' 7•.S 16.' '2.6 •••.• 113.•

+ + + 4- + +
75.' '3.7 I •.S 94.1 11'1.' t.t.1

+ 4~1 .l + + + + + -t
••.3 IS.I '1.2 tIl.• 117.1 1.7.5 167.5

+ + ;\ + + + + + +•••• 3'.7 5.. 71.3 11.5 " •.7 t27.1 t5t.7 t75.3

+ + + + 4- +
67.2 7•.' 'S.7 Ill.• 15S.21'•.O

0\ _-r - It6 £ + +~

1.1 3t.• 54.7

+ ~ -+ +
1'.1 17. 11.2 3S.1

+ + rJ +
15.. II.' .1 I'.'

;1

Fig. 37. Power densities exterior of luta-obi1e due to 835~z rldiation
frOM roof-MOunted antenna, with I-V input ~r (outltne shows
position of exposed child MOdel held 63 c. fra- antenna).



II --- --,

2

+ +
40.. 4'.1

+ +
66.7 7""

+ + ... ...
'1" 104.4 114.1 114.

• + + +
U 7.4 1"'" 17.", 210.4

+ + + +
14t.' 174.0 261.1 116.7

+ + + + ...
. 1".' 101.0 11t.0 41S.0 621.S

+ + + ......l.t.' 101.0 11'.0 411. 61'.S

+ + + +
117.7 176.' 256.6 116.4

+ + + +
104.4 116.1 17'.1 220.4

+ + + +
11.6 66.7 , •., 110.1

+ + + +
INA IM.S 17• .1 110.

+ +
'U tI.I

+ +au 7SA

+ +
17.' 11.1

+ + + +
14.. lU 11.' 11.'

+ + + +
14.. 14.1 14.1 17.4

+ + + +
10.1 10.1 • .1 11.1

+ + + +
".4 17" It.. 17..

+ -+ +
It.• ,..1 ....,

+ + +
... 4'" IU

+ +
..0 M.'

+ 1­
u.a 71..

+ +
..., 11.6

+ of­
"", M.I

+ •"'7 tl.7

+ +
16.1 U..I

-I- +
17.7 11.1

+ +
1'.1 au
+ + + + + + +
... 10.4 40.6 4'.1 1'.0 71.1 '7.0

Fig. 38. Power densities exterior of automobile due to 835-MHz radiation
from trunk-mounted antenna. with leW input power (outline shows
position of exposed min mode' standing 12 em from antenna).

•

f

65



I
---_.__..._---

It6 lJW/em2

+
14.1

+ + ...
,., 111.1 111.4

+ .... +
ISI.a 171.. 110."
+ + +".7 '1.6 110.5

+ + +
" IM.J 171.. 110.

+ -+- + +
1".1 40.(, II" 16.1

+ + +
4t.. 11.1 ....

+ + 0+­
H.t aa.1 ....

+ + + ...- .....
11.1 71.0 71.. 104.4 114.. 114.

+++ + ..... +4­
".7 II.' tI.I 117 III" 171........

+++++++
""7 Mol 111.1 l ..t. 174.0 111.1 'N.7

+ + + + + + +
"., tl.' 114.7 III. OS.O 11t.o .....

+++++++
IU '''I 111.1 II'.' 01.0 al'.O ..... a

+ + + + T +
'4.1 11.0 11.6 11.' 11.1 11.6

+ + + + + +
1••5 1".5 1".5 17." H.S 17.4

+ + + + +
10.S IO.S 10.S 11.1 16.1

+ + + + +
...4 17.5 It.O 17.1 16.1

+
1t.0

+"-4
+

11.0

+ + +
16.1 la.. .0.6

+ + +
51.1 71." tl.I

+ + +a'.' 51.1 71.5

... "t +
., . 16.1 IS" ...6

+ +
17.7 11.1

I

f

•

+ +
10.. 10."

Fig. 39.

+ ... + + ....
...6 .,.. 1'.0 71.. 17.'

Power densities exterior of luto-ob11e due to 835-MHz radiation
frOfft trunk-mounted antenna with leW input power (outline shows
position of exposed woman model standing 9.7 em from antenna).

66



•

+ + + + + + It, ",W/cm2••.s .S.' 11.' u., II.' 11.'
+ 4- + + + -I- +

••.s 1••S 1••5 17•• 20.S 17•• 1•.5

... 4- + + + + +
2.03 20.S 20.S 2S.2 26.1 20.S 1••5

+ + ... + + + +
26•• 2'.5 2'.' 2'.5 2'.1 2S.2 JO.S

+ ... + + + + +
2'.' S••I 40.' SS.S 2'.1 SI.' S'.'

+ + + + 4- ... +
46.. 4'" au 46A 4'.6 .,.. ..
+ 4- + -I- + ... +

11.0 a, 6U 6U ., 76.1 1111

+ + ....
AI 71.- 7U

+ + +
66.7 au ..
+ + +66., 9U IJU 1

... + ..."", .., 1J4.,

... of. +
6U ... 1JU

+ + +
au 7U ..
+ + +.

$1.7 SI.1 7U

.:i- T + +"1 JU ... 66.7

+ + • ...
17.1 11.1 7U 17U

". ... ... + + +
JU ILl .. au IU

+ + +au lOA 4G.6

• ••

Fig. 40. Power densities exterior of automobile due to 835-MHz radiation
fr. trunk-lIOunted antenna with leW input pOwer (outline shows
position of exposed child model standing 15 em from antenna).

67



.. Ill!

~
.

Oe," 10 20 30 3640455055

tj
' .

Oem - i- -; -I-I-t'
y I I lilt

10 - -J - .J- -1- "'-,-;-, --
I I I Iltll'

20 -1-..1- r -I ~.J. - -1-,I 1 1 ,1,.
I I IIIJII J30 -:--1- -'-1-,-r=
J I

40 -I - T - I- - - J - ·
I I I 1./ i ~

g; , 50 - t- -, - T - f
I f I

60 ~-+-r
I I I

70 -I- -r-r
I I J

80 -1-,-
I I
I I

Fig. 41. Region fn autOllbtle (Y-Z plane) where POWer densities due to
835-MHz radiatton fro- trunk-MOunted antenna were Measured (each
intersection of dashed lines corresponds to MeasureMent point).



. ...

+!50cm o -50cm

51.5cm---......

---Oem
~ , I IX , I'

Ocm--f-4$- w- -Q-~ -n-~4 ~._~-
I I : I 1 Y I : 1 I II
I I' I , I

1-- .... --I--~-'- -+--i--'-,--,
I I I," I I I
I'll t l

I I-1__ ..,. __' __ +' -T - -~-T-T---t--L.

I I I t I I I I I I
, , I . 1 I I I

- ,--,.-- - -1- - -
I 1 I I I 1 1~-"-35em
, 1 I I I I' I I
,- -,.- - ~- - ..,. - -1- - -, - - t- - J.. - , -..,.

1 I I I I I , t II I I
J I I IlL I '
,- - ~ -, - -1- - ~ - ! -I - I - r- --l - - t
1 I , 1 1 "I I I

_I__~ -.L--l-- t - _-I __ +_...! __~_.l
I 1 , I 1 ' I 1 I I I

I I ' , I 1 1
1 1 1-1 _ .. - -+ --, - ..., - - I- _.J. - -t __1_ - A-

, , I I I I I , I I
til 'I I 1 I 'LIOcm ....--+--:L-..J- _, __1__1_ -.- --1 -,--
I 1 I' ,'I I

I I

fig. 42. Region in automobile (X-Y phne) where power densities due to
835-MHz radiation fro- trunk-mounted antenna were measured (each
intersection of dished lines corresponds to measurement point).

69



the automobile are shown in Figs. 43 through 46. The outline of the

subjects are superimposed on the values of power density measured without

the presence of the subjects.

Thennography

Exposure of Subjects to Roof-Mounted Antenna

•

•

The thermograph sClns for the exposures of the adult womIn standing

43.5 Ind 63 em frOll the roof-llOunted Intlft'" Ire l"-wn in Figs. 47-50.
Thermograms were taken of sagittal scans through the head and also of

horizontal scans through the eye region. The intensity scan (brightness
proportional to temperlture or SAR) is shotm in the upper left of each

f1.gure. A profile scan with IllUltiple scans with vertical deflections

proportional to temperature or SAR is shown in the upper right of each

figure. The lower three thermograms illustrated in lach figure consist of

a B-scan taken before exposure and a B-scln Ifter exposure along the lines

~', !:!.', £:£' as noted on the intensity SCln. The exposure time for
these model s was approximately 60 sec. We determined the maximum SAR by

noting the maximum temperature differencls before and after exposure
obtained from the double B-scans and based on the specific heat and density

of the phantom tissue given in Table 2. The m.ximum SAR levels were

calculated. Since the SAR is proportional to the temperature differences

denoted by the B-scans, one can easily visuali ze the SAR distribution from

the vertical distance between these scans.

For the 63-cm-di stance exposures the model was erect, whereas for

the 43.5 em exposures the model was leaning toward the antenna at the
closest possible distance. The maximum SARs of 48.9 mW/kg per watt for the
leaning woman model and 22.7 mW/kg per watt for the standing ~an MOdel
occurred at the nose, as expected since it is the closest point ~f the body

to the radiating antenna and it consists of wedge-sh.ped tissue, which

allows greater energy penetration. Siqn1ficant absorption was also found

in the forehead, mouth, eye, temple, and neck. Based on the exposure
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Fig. 43. Position of sitting ~In MOdel interior of automobile exposed to
835-MHz radiation from trunk-mounted antenna with l-W input
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Sagittal Plane SAR Patterns ~ Adult Woman
Standing: Facing. Leaning Toward Mobile Antenna

Distance from Antenna - 43.5cm
f - 835 MHz Input Pwr. II 1.0W

T8102 APR 122

A'
B'

---+-C'

PROFILE

A-A' __
w- 37.9mW/kg

B-B'
---=-~._--

w- 55.5mW/kg

c-c'
WII 7.2 mW/kg

Fig. 47. Thermographically measured SAR patterns in woman model exposed
43.5 em from roof-mounted antenna (sagittal plane).
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Transverse Plane SAR Patterns· Adult Woman
Standing : Facing. Leanin9 Toward Mobile Antenna

Distance from Antenna • 43.5 cm

f • 835 MHz Input Pwr. • 1.0 W
T8129 APR 159------.......-..-...'--._-.. t::.

B'
C'

f A-A'
Wa 44 mW/kQ"

_ 8-S' _
I.W·_~9~W/kg

c-c'
W =36mW/kg

Fig. 48. Thermographically measured SAR patterns in woman model exposed
43.5 em from roof-mounted antenna (transverse plane through
eyes).
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Sagittal Plane SAR Patterns: Adult Woman
Standing: Parallel and Facing Mobile Antenna

Distance from Antenna - 63cm
f • 835 MHz Input Pwr. at I.OW

T8102 APR 126

.'" AI
Sl

'-"_~Cl

PROFILE

A-A'
W -10.9 mW/kg

a-a'
W· 21.1 mW/kg

c-c'
, W· 9.9 mW/kg

Fig. 49. ThenllOgriPhical1y measured SAR patterns in woman model exposed
63 CI frOM roof-mounted antenna (sagittal plane).
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Transverse Plane SAR Patterns & Adult Woman
Standing I Parallel and Facing Mobile Antenna

Distance from Antenna • 63cm
f • 835 MHz Input Pwr. • LOW

T8129 APR 155

A'
S'
Cl

PROFILE
.....-2em

.:ft.

. -

A-AI
W· 18 mW/kg

8-e'
W· 16 mW/kg

Fig. 50.

c-c'
W· 13 mW/kg

Thef"l'tOgr'1)h1cal1y meuured SAR p.tterns in woman model exoosed
63 em from roof-mounted antenna (transverse plane).

78



--,--

I

levels given in Figs. 34 to 37, the maximum SAR varied from .3 to .44 W/kg
per rnW/cm2 incident to the subject.

In Figs. 51-54 Ire illustrated the thermograms taken for the child
model exposed to the roof-mounted Intenna. For this series the child was
oriented 39 and 63 CM from the radiating Intenna. At 39 cm, the child was
assumed to be held by an adult IS closely IS possible to the antenna.
Thermograms were taken for both the sagittal plane and the transverse plane
cut through the orbital area of the child. The patterns for the child were
similar to those of the wa.an, with ..xi.ua SAR leyels rlaching as high as
51.7 mW/kg-per-watt input into the antenna or .35 W/kg per rnW/cm2 incident
to the head of the child. In Table 5 Irt sUlMirtzed the maximum SARs in
mW/kg per watt input for both the child and the adult WOMan mode' exposed
to the roof-mounted Intlnnl for different regtons of the body.

, Exposure of Subjects to Trunk-Mounted Mobtle Antenna

All t .......gr.,'" rlllttng to the Ixposurls of the "'el s to the
trunk-mounted Intenna WIre recorded digitally Ind Inalyzed by the computer
methOdology discussed in Appendix A. In Fig. 55 Ire illustrated the
thermograms taken for the standing man exposed with the abdomen 12 em from
the trunk-mounted antennl. The figure at the upper-'eft-hand corner of the
Fig. 55 is a proftle scan in which the horizontal scale corresponds to
horizontal position and the left-hind scil. corresponds to the vertical
position. The vertical deflection of IlCh scan is proportiona' to SAR with
the yalues giyen by the SAR sCl'e at the rtg~t of the figure. The display

~ at the upper-right-hand corn.r of the figure is an intensity scan in which
the darkness is proportional to the SM. The out11ne of the man is

superimposed on the 1ntensity scan. Single horiZontal scans of SAR are
shown at ;he lower half of the figure corresponding to the scan lines given
in the upper right of the figure. The deflection at the bottom of the
upper left scan 15 an artifact due to a hot spot outside of the section of
the displayed theMmOgraph frame.
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TABLE 5. I) SARs IN WOMAN NOOEL EX'8SED TO ROOF-MOUNTED ANTENNA
(ntW/kg'PER WATT)

Eyes IIose Tnpl. .
Horizontal Standing 15.0 + 0.8 17.0 + 0.8 13
pllne It stra1tht - -
ey. lev.l (63 CII)

Leaning 38.0 + 1.4 42.7 ~ 1.9 36
fONl'" --'

(43.5 CII)

Forehead Nose MDuth Neck

Sagittal Standing 11.5 + 1.7 22.7 ~ 1.3 13.7 ~ 1.8 9.3 ... 1.2
plane straigtlt -

('3 .)

L.ani", 14.4 ~ 3.2 48.9 ~ 9.4 28 + 4.2 8.1~1.3
forward -
(43.5 em)

TABLE 5. b) SARs IN CHILD MODEL EIIIOSED TO IOOF-MOUNTED ANTENNA
(IIIW/kg PO WATT)

,,' E,.s Nos. T.1.

Horizontal Stand1nl 19.4 + 2.6 17.4 + 2.6 13.4 + 0.5
pllne at straigt - - -
ey. level (63 ca)

Leaning 31.3 + 2.7 36.0 + 0.2 19.1 .:!:. 3.5
forward - -
(39 CII)

For.-.cl .... Mouth Neck

"! Slgittal Standtng 5.8 + 1.5 10.2 + 1.7 4.0 + 1.3 15.2.:!:. 1.9
plane stratght - - -

(13 CIt)

LHning 21.6 51.7 16.1 27.5
forward
(39 ell)
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A......­
8-+--..
C-+-......;

PROFILE

* '*

A--A'
W -21.6mW/kg

8-8'
W- 51.7mW/kg

"*...

Fig. 51.

c-c'
W= 27.5mW/kg

TheMftOgraph1cally measured SAR patterns in child model exposed
39 em from roof-mounted antenna (sagittal plane).
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Transverse Plone SAR Patterns I Child
Held I Facing. Leaning Toward Mobile Antenna

Distance from Antenna • 39cm
f • 835 MHz Input Pwr. • I.OW

TellS APR 13.
----~ AI

I

PROFILE

A-14
W • 35.8 mW/kg

8-S1

W· 29.4 mW/kg

t

c-c l

W· 16.6mWlkg

Fig. 52. TheMlOgrtt»h1cally lItasurld S~R patterns in child IftOdel exposed
39 em from roof-mounted intenna (transverse plane through eyes).
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Sagfttal Plane SAR Patterns : Child
Held: ParaUel and Faci~ Mobile Antenna

Distance from Antenna a 63 em

f • 835 MHz Input Pwr. • I.OW
T8125.MARI09

__, , A 1# d

A-A'
Wa 6.8mW/kg

PROFILE

8-8'
Wa 11.4 mW/kg

c-c'
W -16.5 mW/kg

Fig. 53. ThermogrAphically measured SAR patterns in child model exposed
63 em frOM roof~unted antenna (sagittal plane). .
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PROFILE

Transverse Plane SAR Patterns: Child
Held: Parallel and Facing Mobile Antemo

Distance from Anterwta- 63 em
f • 835 MHz Input Pwr. - I.OW

T8115 APR I

A-+-­
8
C

t

t

(

•
A-A'

W == 21.8 mW/kg
8-8'

W • 18.8mW/kg

c-c'
W· 12.8mW/kg

Fig. 54. Thermotr iphicilly me.sured SAR INtt.rns in child lIOdel exposed
63 em frOM roof-mounted Intenna (transverse plln.).
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Fig. 55. C~,uter-proc.ssed thermogr••s showing SAR distribution in
s.gittal plane of man IIIOdel exposed to 83S-MHz in standing
position exterior of automobile 12 em from trunk-mounted antenna
with l-W input.
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We took a closer scan as shown in Fig. 56 to iMProve the therMograph
resol ution. With the improved resol ution the lIuimum SAR was found to be
.12 Wlkg per watt It the surface of the .bdOMen (~IS scan). Blsed on the
exposure levels in Fig. 38, it was .28 Wlkg per mW/cm2•

In Figs. 57 Ind 58 Ire shown the ~ll-body Ind close-up therMOgrams
for the adul t-woman lIOdel exposed It a cftstlnce 9.7 em from the .ntenna.
The maximum SAR was found to be approximately .20 W/kg per watt input into
the antenna, or .32 W/kg per mW/cm2 exposure level.

ThlrIIOgr.s t.kln for the fo.-clld child _11 exposed in the
standing position 15 em from the .ntenna .... shown in Figs. 59 and 60.
Maximum SAR in the eye region was .23 W/kg per watt input to the antenna.
or .64 W/kg per mW/cm2 incident power density.

Exposure to Fields Inside Car from Trunk-Mounted Antenna

The fi berglass chl1 d model w.s the only .odel in whi ch SAR
distribution from exposure inside of the car was analyzed by thermography.
For this series the model was designed to slparate in the sagittal plane of
the head and neck only, IS shown in the photogrlph in Fig. 28. With the
exposure fields identified as shown in Fig. 45, the thenlographs shown in
Figs. 61 and 62 were obtained. A IIIIxi"""" SAR in the vicinity of the
orbital region of the eyes of .012 W/kg per watt input to the antenna or
approximately .032 WI kg per ""/cm2 exposure level was obtlined. In Table 6

* are illustr.ted the maximum SAR per watt input to the antenna Ind maximum
SAR per mw/cm2 that were obtained thermographically for the various
exposures from the trunk-mounted antennls.

Vitek 101 Temperature Probe Data

• In Tabl es 7 and 8 are given the SAR data per 1-W input power at
various depths of the locations of the heart. kidney, liver, and stomach of
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TABLE 6. MAXIMUM SARs IN MODELS EXPOSED TO TRUNK.MOUNTED ANTENNA

Man outside
Woun outside
Child outside
Child inside

Max. SAR per Watt
(W/kg)

0.12
0.20
0.23
0.01

Max. SAR per mW/cm2
(W/kg)

0.28
0.32
0.64
0.03

TABLE 7. SAlts f1F STANDING MN MOOEL EXPOSED TO TRUNK.fitOUNTED
ANTENNA (W/kg PER WATT)

Depth Heart Kidney Liver Stomach
(cm)

1 0.0202 0.0316 0.1020 0.1320
2 0.0128 0.0148 0.0602 0.0832
3 0.0075 0.0081 0.0340 0.0425
4 0.0043 0.0046 0.0188 0.0204
5 0.0023 0.0023 0.0086 0.0089
6 0.0013 0.0013 0.0047 0.0037

TABLE 8. SARs OF STANDING WOMAN MODEL EXPOSED TO TRUNK.MOUNTED
ANTENMA (W/kg PER WATT)

*.~
Depth Heart Kidney Liver Stomach

(til)

0.5 0.0207 0.0746 0.117 0.147
1 0.0260 0.0642 0.110 0.135
2 0.0121 0.0307 0.0540 0.0727
3 0.0092 0.0171 0.0289 0.0381
4 0.0042 0.0074 0.0148 0.0189
5 0.0026 0.0034 0.0076 0.0084
6 0.0014 0.0025 0.0039 0.0040
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Fig. 56. Closeup thermograms showing SAR distribution in sagittal plane
of man MOdel eXpOsed to 835~ in standing pOsition exterior of
automobile 12 em from trunk-.ounted antenna with l-W input.
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